METHODS.

Chemicals
Synthesis of gold nanorods. Gold nanorods were prepared using Ag-assisted seeded growth. 1 Seeds were prepared by the reduction of HAuCl 4 (5 mL, 0.25 mM) with NaBH 4 (0.3 mL, 10 mM) in aqueous CTAB solution (100 mM). An aliquot of seed solution (0.12 mL) was added to a growth solution containing CTAB (50 mL, 100 mM), HAuCl 4 (0.5 mL, 50 mM), ascorbic acid (0.4 mL, 100 mM), AgNO 3 (0.6 mL, 10 mM) and HCl (0.95 mL, 1000 mM). The mixture was left undisturbed at 30 ºC for 2 h. The solution was centrifuged twice (8000 rpm, 30 min) and redispersed in BDAC (10 mM) to obtain a final concentration of gold equal to 0.25 mM. The maximum of LSPR of initial gold nanorods was 860 nm.
Synthesis of Au@Ag core-shell nanorods. Core-shell Au@Ag nanorods were synthesized using benzyldimethylhexadecylammonium chloride (BDAC) as the capping. 2 The typical reaction involved the addition of different amount of AgNO 3 (10 mM) and ascorbic acid (100 mM) to the solution of gold nanorods (10 mL, 0.25 mM) at 60 ºC. Larger amount of silver caused more pronounced blue shift of the LSPR. To reach the maximum of LSPR at 609, 636, 668, 695, 712, 794, 826 nm was added 1.0, 0.9, 0.8, 0.6, 0.4, 0.25, 0.13 mL of AgNO 3 (10 mM)
while maintaining the molar ratio of Ascorbic Acid to Ag + equal to 4. The solutions were left for 3 hours at 60 ºC under magnetic stirring. Finally, the solutions were centrifuged twice (6000-9000 rpm, 40 min) and redispersed in BDAC (2 mL, 15 mM).
Preparation of J-aggregates. J-aggregates of the JC1 dye form spontaneously upon dissolution of this dye in water at pH8, 3, 4 while the formation of J-aggregates of another cyanine interactions between the anionic groups of the J-aggregates and the cationic sites of stabilizing agent BDAC at the surface of bare Au@Ag nanorods. Hybrid structures of core-shell Au@Ag nanorods and J-aggregates were produced by addition of 10 µl of concentrated ethanol solution of JC1 dye to 1 ml of an aqueous solution of core-shell Au@Ag nanorods in the presence of ammonia (pH=8), followed by gentle stirring for 15 minutes. In order to separate J-aggregates, which bound to nanorods, from monomer dye molecules and free J-aggregates the solution was centrifuged at 4000 rpm for 5 minutes and re-dispersed in water. 4, 5 Instrumentation. The optical extinction spectra were measured using a Cary 50 spectrometer In this work we regard the extinction spectra measured by our spectrometer as absorption spectra due to weak scattering in our samples.
All absorption and MCD spectra were measured in aqueous solutions (using doubly purified deionized water from an 18 MU Millipore system) and identical 2mm long quartz cuvette. All experiments were performed in an ambient atmosphere at room temperature.
Calculations of the absorption and MCD for a nanorods solution. The dielectric response of a nanorod solution could be described by the effective tensor of dielectric permittivity ̿ eff . To determine its components we model the rods as prolate spheroidal particles composed of three concentric shells with major semiaxes and minor semiaxes = , where is the aspect ratio (same for all shells). The polarization ⃗ of such a particle is the sum of the polarizations in each shell
(1)
where is the homogeneous electric field in the -th shell, is the shell's volume fraction with respect to the total particle volume, ̿ is its tensor of dielectric permittivity of the shell material and ̿ ℎ is that of host medium which surrounds the particle. The total electric flux density can then be written as
where ⃗ = (1 − ) 0 + ∑ 3
=1
is the average electric field existing in the solution with volume concentration of particles, and ̿ ℎ = ℎ 1 is the permittivity of host medium (1 is the identity matrix). By iteratively relating electric fields in subsequent shells to their neighbors through boundary conditions, one can express through the field in the host = ̿ 0 , where ̿ is a the matrix given in ref. 8 Thus if the tensorial permittivities for all particle shells are known, one can solve Eq. (2) and find ̿ eff . With a uniform external magnetic field directed, for example, along z-axis, the permittivity tensors of metallic shells can be written in the form:
Where = ( ) is the bulk dielectric function of the considered metal and ∝ is the anisotropic response due to magnetic field. In the following we employ Drude model to describe the permittivities of Au and Ag, i.e. where is the metal plasma frequency, is the electron collision rate and ∞ is the highfrequency component of the permittivity. For silver we use = 9.1 eV and ∞ = 5.3, which accounts for the interzone transitions. 9 For gold we use =8.67 eV and model the contribution from the intraband transition according to the model of Ref. 10 The collision rates were fitted to the widths of the experimental absorption peaks of pure Au/Ag solutions, which in our experiment is dominated by the inhomogeneous broadening due to natural nanorod size dispersion. The corresponding values are = 0.27 eV and 0.3 eV for Ag and Au, respectively.
The off-diagonal component can be further written as 8, 11 A( ) = − The intrinsic magnetootical response of the J-aggregates is assumed to be negligible yielding purely diagonal form of permittivity tensor ̿ 1 = ϵ J 1 with described by a simple Lorentzian:
with parameters 0 = h , = 0.06, and γ= 0.036, 0 =2.13 eV similar to those used in Ref. 12, 13 It can be verified that the effective permittivity tensor retains the same form as its constituents Figure S5 . The theoretical extinction spectra (a) and MCD spectra (b) of the hybrid system of Jaggregates and core-shell Au@Ag nanorods for different aspect ratios, assuming five times smaller value of the dye oscillator strength ( =0.012) compared to the value that fits our experimental data. The corresponding coupling constant / = 0.27 is only slightly above the strong coupling threshold, yet the MO activity of the upper plexciton is clearly seen (for small detunings). All spectra are normalized the same way as in Figure 3 of the main article. The solid and dashed lines correspond to B= ±1T, respectively.
